Biotic and abiotic interactions between adjacent ecosystems are common and can take the form of resource subsidies or spillover effects of disturbance. These cross-ecosystem exchanges may have significant impacts on the recipient ecosystem by altering the occurrence of strong biotic interactions, such as cannibalism. Cannibalism is ubiquitous and has the potential to be a defining feature in many food webs through impacts on population and community structure. However, there is little empirical evidence detailing how environmental gradients in adjacent ecosystems may alter cannibalism propensity of predators that live on the ecosystem boundary. We investigated cannibalism propensity of a riparian spider across a flooding gradient that altered both the magnitude of an allochthonous prey subsidy to the spider (winged aquatic insects) and spider habitat availability (loose riverbank rocks). Spider density was affected by the interaction of prey and habitat availability across the environmental gradient with small-scale spider densities highest at both stable and disturbed rivers and intermediate at others. Stable isotope analysis of spiders and a mesocosm experiment indicated that cannibalism was higher at stable and disturbed rivers. This demonstrates that an environmental gradient in one system can indirectly alter the propensity for strong biotic interactions of a consumer in an adjacent system through interactive effects of allochthonous and in situ resources.
S
trong biotic interactions often occur between adjacent ecosystems through resource subsidies from more to less productive systems Nakano and Murakami 2000; Marczak et al. 2007) or through the spillover effects of disturbance (Naiman and Decamps 1997; Elderd 2006) . Such crossecosystem interactions change conditions at the ecosystem boundary, such as prey and habitat availability, and environmental stability. These changes will alter the strength and nature of biotic interactions in both ecosystems as well as the interactions between them. Cannibalism is ubiquitous in both aquatic and terrestrial food webs (Fox 1975; Polis 1981; Woodward and Hildrew 2002) and is often driven by conspecific density or the availability of alternative prey. Cannibalism has important consequences for predator-prey interactions and hence population, community, and even ecosystem dynamics (Persson et al. 2003; Andersson et al. 2007; Rudolf 2007a) . These changes can include the strength and direction of trophic cascades, the conditions of coexistence of size classes or different species, and the development of alternative stable states of community composition (Persson et al. 2003; Claessen et al. 2004; Rudolf 2007a Rudolf , 2007b . However, we are aware of no studies providing empirical evidence of alterations in an environmental gradient in one ecosystem affecting the cannibalism propensity of a predator living in an adjacent system. This knowledge is crucial if we are to predict how effects of anthropogenic alterations to an ecosystem may spillover into an adjacent system. The availability of conspecific and heterospecific prey is one of the most important factors influencing rates of cannibalism (Polis 1981; Michaud 2003; Laycock et al. 2006) , so subsidies of prey across ecosystem boundaries to consumers are likely to strongly influence community dynamics in the recipient ecosystem. However, the same large-scale variables that alter the magnitude and availability of a prey subsidy may also change other important resources, altering the ability of consumers to respond both functionally and numerically to the increased prey (Marczak et al. 2007; Greenwood and McIntosh 2008) . The frequency of predatory interactions between conspecifics is often density dependent (Polis 1981; Buddle et al. 2003; Michaud 2003; Eitam et al. 2005) , and habitat distribution, quality, and quantity (Rickers and Scheu 2005) as well as the availability of heterospecific prey (Michaud 2003; Laycock et al. 2006) influence the density of predators, rates of encounters, and hence the frequency of cannibalism. Thus, the availability of alternative prey sources and relative densities of predators, often determined by a combination of prey and habitat availability, are two of the most important factors controlling cannibalism propensity (Dong and Polis 1992) .
Cannibalism is relatively common in cursorial riparian spiders, can regulate densities of certain spider life stages (Wagner and Wise 1996) , and is often an important foraging strategy (Wise 2006) . Many riparian spiders depend on aquatic insects for a large proportion of their diet (Sanzone et al. 2003; Kato et al. 2004 ), thus making aquatic-derived energy more easily available to the terrestrial food web. However, paradoxically, the most productive rivers for aquatic insects may provide the least suitable habitat for some cursorial spiders. Spiders dependent on loose riverbank rocks (Bell et al. 1999; Ballinger et al. 2005 ) could be limited by habitat availability at rivers where the allochthonous prey availability is the highest due to the more vegetated riparian zone characteristic of stable productive rivers. An earlier study (Greenwood and McIntosh 2008) indicated that the availability of aquatic prey was much lower at flood-prone rivers than those flooded less frequently, whereas potential terrestrial invertebrate prey did not alter across the disturbance gradient (Figure 1 ). In addition, loose, unembedded rocks, which were important habitat for many small riparian predators, were limiting at the more vegetated stable rivers, which had the highest aquatic food availability (Figure 1 ). This mismatch of resources across a flood disturbance gradient provided the ideal situation to investigate the role of counter gradients in habitat and prey availability on consumer cannibalism rates. We investigated patterns in habitat and aquatic food availability as well as the spatial distribution of a riparian fishing spider Dolomedes aquaticus (Goyen 1887) (Pisauridae) across a flood disturbance gradient in New Zealand and explored how these factors influenced the relative frequency of cannibalism. Dolomedes aquaticus hunt on the river surface near the water edge often eat a large proportion of aquatic prey (Williams 1979; Collier et al. 2002) and live under unembedded river bank rocks within 1-3 m of the river edge. Although active predators, they are unlikely to move large distances. Large female D. triton actively searching for prey for egg sac development only move ,2 m per day on average (Kreiter and Wise 1996) making local patch-scale prey availability and densities of conspecifics likely to determine cannibalism rates. We predicted that the incidence of cannibalism would be density dependent and thus highest where patch-scale spider aggregations occurred. At stable rivers, the mismatch between the limited area of habitat and the high availability of allochthonous heterospecific prey is likely to lead to such aggregations as spider abundances are increased by aquatic prey, yet the spatial extent of spider populations are limited by the amount of useable habitat patches.
MATERIALS AND METHODS

Study area
Eleven rivers in the upper Waimakariri River catchment, South Island, New Zealand, covering a flood disturbance gradient from stable springs to a large, highly disturbed braided river were studied (for study site descriptions, see Greenwood and McIntosh 2008) . This gradient covers the full flooding gradient likely experienced by D. aquaticus spiders in the Canterbury Region, South Island.
Measuring disturbance
We used the river disturbance index (RDI) of Pfankuch (1975) to measure flood-related disturbance. Previously, we have demonstrated that the RDI is closely related (r 2 ¼ 0.85) to the movement of tracer rocks over 12 months (Greenwood and McIntosh 2008) , and Death and Winterbourn (1994) also found the index was a useful method of quantifying floodrelated disturbance and was closely related to other measures. The index incorporates 15 categories of visually estimated flood-related factors, weighted in proportion to their perceived importance, covering three regions of the river channel; upper banks, lower banks, and the river bottom. The ratings for each category are summed to give an overall index score for each river, which ranges from 38 to 152, with a high score indicating greater channel instability and by inference greater disturbance by floods. Sampled rivers ranged in physical flood disturbance from stable springs to the large braided Waimakariri River.
Dispersion and spider size data
We surveyed the spatial distribution of D. aquaticus populations at all rivers during September 2005. A 60-m reach at each river was divided into 30 adjacent 4 m 2 quadrats along the waters edge. These size quadrats generated multiple spiders per quadrat and correspond to the scale at which intraspecific interactions are likely to be high. Each quadrat was searched for spiders, which were photographed to allow size measurements and sex determination and then released. The number of spiders per quadrat was analyzed using the standardized Morisita dispersion index (I p ), which is relatively independent of both population density and sample size (Krebs 1998 ). An I p of 0 indicates a randomly distributed population, whereas I p . 0 indicates a spatially clumped population (95% confidence interval 6 0.5).
Stable isotope analysis
Recent advances in the use of stable isotopes have created a useful tool to aid landscape-scale studies of trophic position and dietary sources. For liquid feeders, like spiders, the inability to perform gut contents analysis limits dietary investigations. In addition, rates of intraguild predation in the field are often based on the density of animals or inferred from ex situ experiments. Here, we used stable isotopes of nitrogen to estimate intraguild predation rates from field populations across the disturbance gradient.
Because Aquatic prey and habitat availability for Dolomedes aquaticus measured across a flood disturbance gradient involving the same sites as the current paper; solid line is aquatic prey availability and dashed line is terrestrial prey availability. Modified from Greenwood and McIntosh (2008) .
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Behavioral Ecology and hence higher trophic positions than those that do not. If no differences in food chain length occur below the focal taxa, the focal organism does not switch to more predatory prey, fractionation is assumed to be similar at sites, and trophic position is calculated relative to the d 15 N of an appropriate baseline primary consumer at all sites (Post 2002a) ; then stable isotope analysis can be used to the estimate rates of intraguild predation, of a species across an environmental gradient, particularly of cannibalism (e.g., Rickers et al 2006) . Dolomedes aquaticus spiders are the top invertebrate predators at the study rivers, so cannibalistic individuals should be highly enriched in d 15 N (Hobson and Welch 1995; Harvey et al. 2002) .
Samples for stable isotope analysis were collected from 8 of the 11 rivers in January 2005. We collected individuals of a grazing mayfly, Deleatidium spp. (Leptophlebiidae) and crickets (Gryllidae) to use as representative aquatic and terrestrial primary consumers, respectively, to establish basal d 15 N levels. Deleatidium spp. and crickets are likely to capture temporal variation in d 15 N isotope signatures and be representative basal consumers across the disturbance gradient in our system as both taxa were common at all rivers. Deleatidium was the dominant primary consumers across all the study rivers (20-92% dry weight of aquatic insects). Emerging Deleatidium adults are likely to be eaten by D. aquaticus as the spiders hunt on the water surface, and crickets are active insects likely to be encountered by D. aquaticus near the water edge. We collected potential intermediate predators at each river by taking extensive kicknet samples in the river and sweep nets through riparian vegetation to capture any species that occurred in large enough numbers for analysis (;1 mg dry weight). We also searched for and handpicked common terrestrial invertebrates that had been found in previous surveys of these rivers (Greenwood and McIntosh 2008) .
All samples were frozen at 220°C prior to processing when they were sorted into genera, and at least 5 individuals per taxonomic group for large-bodied invertebrates (wolf spiders and the Megalopteran Archichauliodes) and up to 30 individuals for smaller taxa were oven dried at 60°C for 48 h. For each taxonomic group the number and length of individuals analyzed was the same across all rivers. Individuals of each potential prey group were amalgamated into one composite sample due to financial constraints and because we wanted to quantify population means and not intraspecific variation (Lancaster and Waldron 2001) . The number of D. aquaticus collected from each river for individual analysis ranged from 4 to 9, and we calculated the condition of these spiders using (width abdomen -width cephalothorax )/width cephalothorax, where a more positive number indicates better condition. Spider size was measured from 2 digital photographs of each spider on a 2-mm grid.
The digestive tract was removed from taxa that were not liquid feeders to ensure that isotopic measurements reflected assimilated body tissue only. Dried samples were ground to a fine powder and sent to the Waikato Stable Isotope Unit for analysis using a Europa Scientific 20/20 isotope analyzer. Isotope ratios are expressed in the d notation according to dX ¼ [(R sample / R standard ) -1] 3 1000, where X is 13 C or 15 N and R is the corresponding ratio 13 C/ 12 C or 15 N/ 14 N. The standards were Pee Dee belemnite for carbon and atmospheric nitrogen for nitrogen, and the precision of measurement was 61%.
Trophic positions of D. aquaticus and web spiders (Haplinis sp [Blest] , Linyphiidae) were calculated from a 2-source mixing model (Post 2002a ) using the mayfly Deleatidium and crickets as the basal d 15 N sources, whereas the trophic position of aquatic predatory caddisflies (Hydrobiosidae) and large predatory Megaloptera were calculated using Deleatidium alone as the basal member, as they feed only on aquatic prey. To calculate trophic position using a 2-source model (Post 2002a) , the d
13 C values of the 2 sources were used to estimate the relative amount of nitrogen the focal consumer was likely to have obtained from each source. This necessitated that the d 13 C values of the focal consumer fell within the d 13 C values of the 2 sources. This did not occur for some D. aquaticus individuals. The mean difference in d 13 C between D. aquaticus spiders that fell outside of the range between crickets and Deleatidium and the closest primary consumer was 1.5&. However, d 15 N levels of both sources were not significantly different (mean difference ¼ 0.71& 6 0.16 across all rivers, paired t-test: t ¼ 1.09, P ¼ 0.31), and the proportion of d 15 N from each source would have had little impact on trophic position. Trophic enrichment of d 15 N was assumed to be 3.4& (Vander Zanden and Rasmussen 1999), although estimates range from 2 to 5& (Post 2002a ). Because we were exploring relative relationships across the disturbance gradient, the enrichment value used would not influence our conclusions. In addition, differences in fractionation between trophic levels across the disturbance gradient studied are unlikely to occur as New Zealand rivers contain a core of generalist insect taxa (Winterbourn 2000) , and the taxa found at disturbed sites were generally a nested subset of those found at less floodprone rivers.
Potential intermediate predators
A longer food chain below a focal organism increases its trophic position. Thus, to investigate impacts of food chain length below Dolomedes (as apposed to Dolomedes cannibalism propensity) across the flood disturbance gradient, we calculated the total number of predatory aquatic and terrestrial taxa for the 8 rivers included in the stable isotope analysis from a largescale survey in January 2005 (Greenwood and McIntosh 2008) . In addition, we calculated the relative biomass (dry weight) of common aquatic taxa across the flood disturbance gradient, including the baseline stable isotope taxa Deleatidium. Four Surber samples (0.09 m 2 , 250-lm mesh) were taken, and 5 terrestrial quadrats (0.25 m 2 ) were vacuumed alongside each river. Invertebrates were identified to genus, except for chironomids and terrestrial taxa, which were identified to family. Predatory taxa were identified from functional feeding group definitions in Winterbourn (2000) .
Per capita aquatic and terrestrial prey availability
To calculate the relative aquatic and terrestrial prey availability per spider across the flood disturbance gradient, we used the spider densities from the 4 m 2 patches quantified above. Average spider densities per patch (4 m 2 ) were calculated from each river from the ''suitable'' habitat patches, that is, those with at least one spider present. Mean aquatic prey availability per spider within these patches was calculated from 100-m reach estimates generated in Greenwood and McIntosh (2008) . Terrestrial prey availability per patch was calculated using the average terrestrial prey availability from habitats categories (''good,'' ''intermediate, '' and ''poor'' quality) in which spiders were found in Greenwood and McIntosh (2008) .
Cannibalism mesocosms
To test the effects of nonguild prey availability and D. aquaticus density on cannibalism rates in conditions similar to those found at stable, intermediately disturbed, and very disturbed rivers, we carried out a mesocosm experiment. Spiders other than D. aquaticus were excluded to specifically investigate D. aquaticus cannibalism rates. We used spider density as a surrogate for habitat availability, as spiders became more aggregated at stable rivers with low habitat availability and crossed this with nonguild prey number. Sixteen paddling pools (1.5 3 1.2 3 0.4 m high, 1.8 m 2 ) were constructed with flowing water channels (0.15 m 2 ) set into the center of each pool. The surrounding area was covered in gravel and rocks for spiders to hide under (Figure 5c ), and mesocosms were covered with netting to prevent spiders escaping and to exclude predators like birds and cats. Two spider densities were chosen to mimic natural densities found at both stable and more disturbed rivers for the high-density treatment (5 spiders per mesocosm) and at intermediately disturbed rivers for the low-density treatments (2 spiders per mesocosm). Mesocosms were set up in randomized blocks in grassland near the University of Canterbury's field station at Cass, South Island, New Zealand, and supplied with water pumped from nearby Grasmere Stream. Mature female spiders were excluded from the experiment as they can be especially aggressive if mated (Kreiter and Wise 2001) , and spiders were randomly assigned to mesocosms. Late instar Nesameletus mayfly larvae and tenebrionid beetle larvae were added to the mesocosms as aquatic and terrestrial food sources, respectively. Mayfly larvae were added to the central water channel and were observed being eaten by the spiders as they emerged as adults. Spiders were fed 2 beetles and 20 mayflies for the high-food treatment and 1 beetle and 5 mayflies for the lowfood treatment every 4 days. Food levels mimicked those found in stable rivers (high food) and very disturbed rivers (low food) based on dry weights (Greenwood and McIntosh 2008) . Although terrestrial food levels do not vary across the disturbance gradient, beetles as well as mayfly numbers were altered between the 2 treatments to ensure a food availability difference if the mayflies did not survive or emerge. However, emerging mayflies were regularly observed in all tanks. Food availability per spider in each treatment was HSHF: 0.01 g/day, LSLF: 0.01 g/day, HSLF: 0.004 g/day, LSHF: 0.02 g/day, where HS ¼ high spider density, LS ¼ low spider density, HF ¼ high food and LF ¼ low food. Spiders were collected on 11 November 2005, digitally photographed on a 2-mm grid, weighed, and uniquely identified by a small dot of colored acrylic paint on the cephalothorax. The experiment ran for 15 days, and any spiders remaining at the end were identified, digitally photographed, and weighed. Exuviae were also collected to aid identification of spiders that shed their identifying paint dot. Cannibalism was assumed if a spider was missing from a mesocosm and no body was discovered, although D. aquaticus food pellets containing conspecific body parts were found. Overseas Dolomedes species use tactile and visual cues to detect prey (Bleckmann and Barth 1984) , and D. aquaticus is not known to scavenge for prey. These spiders will not take dead prey items even when kept under low-food conditions (Greenwood M, personal observation) . Dolomedes aquaticus could not escape from the mesocosms, which were searched thoroughly after the experiment, and bodies were unlikely to decompose in 2 weeks.
Analyses
To investigate patterns in the spatial distribution and trophic position of D. aquaticus across the disturbance gradient, we used Akaike's Information Criteria (AIC) to investigate the relative fit of linear and nonlinear (second order polynomial) regressions to the relationships between the RDI scores and the standardized Morisita index of dispersion score (n ¼ 11) and trophic position (n ¼ 8), respectively. The number of predatory taxa in both aquatic and terrestrial systems was tested against the RDI using linear regression to investigate the presence of additional predators, which could potentially form extra trophic levels increasing food chain length between the 2 baseline d 15 N sources and D. aquaticus. To test whether patterns in the trophic position of intermediate predators could bring about the quadratic pattern of trophic position of D. aquaticus observed across the disturbance gradient, we fitted quadratic regressions to relationships of the trophic position of predatory hydrobiosid caddisflies and linyphiid web spiders with the disturbance index. To test relative per capita availability of aquatic and terrestrial prey to spiders at the patch scale (4 m 2 ), we fitted regressions to the relationships of aquatic and terrestrial prey availability across the disturbance gradient. More specifically, the density of other spiders (all except D. aquaticus) across the disturbance gradient was tested with regression to explore the availability of guild prey to D. aquaticus.
The proportion of spiders cannibalized and the proportion of survivors that increased in weight in the mesocosm experiment were tested with binomial linear mixed effects models using spider density and prey level as fixed main effects and the experimental blocks as a random effect. Using model simplification (Crawley 2007 ), we tested the significance level and estimated P values for the fixed main effects and their interaction. Post hoc Bonferroni tests were conducted to investigate differences between treatments.
All analyses were performed in Statistica (Statsoft version 6) or R version 2.8.1, and variables were log (y 1 1) transformed where necessary to meet assumptions of heteroscedasticity and normality.
RESULTS
Dispersion
The standardized Morisita dispersion index was highest, indicating clumped population distributions, at both stable and most disturbed sites, whereas at sites intermediate on the disturbance gradient, the index score was close to 0, indicating randomly distributed populations (Figure 2a) . Maximum spider densities per 4 m 2 quadrat at each river ranged from 1 to 5 spiders. To determine if this peak-shaped quadratic model was more appropriate to the data than a linear model, we computed AIC. Smaller AIC scores for the quadratic model indicated that it fitted the data better than a more simple linear model (AIC linear ¼ 10.4, AIC quadratic ¼ 5.0).
Stable isotope analysis
The average trophic position of D. aquaticus, as indicated by baseline-corrected d
15 N values, was highest at the most stable and most disturbed rivers across the disturbance gradient and almost one trophic position lower at intermediately disturbed rivers (Figure 2b) . AIC values indicated that the peak-shaped quadratic model fitted the data better than a linear model (AIC linear ¼ 11.4, AIC quadratic ¼ 3.0). The trophic position of free-living predatory caddisflies (Hydrobiosidae) (F 2,7 ¼ 0.81, P ¼ 0.50) and web spiders (Linyphiidae) (F 2,7 ¼ 0.19, P ¼ 0.83) did not vary across the disturbance gradient and could not explain the pattern seen in trophic position of D. aquaticus (Figure 2c,d) . The trophic position of the megalopteran Archichauliodes was intermediate between those of predatory caddisflies (Hydrobiosidae) and D. aquaticus at only 1 of the 3 stable sites where they were found, indicating that they were unlikely to act as intermediate predators between these 2 taxa (Figure 2d ). Starvation levels could not explain the differences in d
15
N values across the disturbance gradient (Adams and Sterner 2000; Oelbermann and Scheu 2002) . Although spiders at more stable rivers had higher per capita heterospecific prey availability, condition levels were similar (mean 6 1 standard error, -0.12 6 0.03, n ¼ 20) to those at more disturbed rivers (-0.07 6 0.03, n ¼ 21).
1230
Behavioral Ecology
Per capita prey availability
At the patch scale (4 m 2 ), potential aquatic prey per capita was highest for D. aquaticus at stable rivers and declined with increasing flood disturbance (F 1,9 ¼ 10.27, P ¼ 0.01, r 2 ¼ 0.53; Figure 3 ). In contrast, terrestrial per capita prey availability showed no pattern across the disturbance gradient (F 1,9 ¼ 0.35, P ¼ 0.72, r 2 ¼ 0.08; Figure 3a ). Abundances (dry weight) of the mayfly Deleatidium and 2 predatory aquatic taxa, several of the most common taxa at all sites, showed no significant change across the disturbance gradient (Figure 3b ).
Potential intermediate predators
The total number of taxa and number of predatory taxa were generally higher at more stable rivers for both aquatic and terrestrial taxa (Figure 4a,b) . The abundance of spiders other than D. aquaticus was higher at more stable rivers and declined linearly as river disturbance increased (Figure 4c ).
Cannibalism mesocosms
The proportion of spiders cannibalized in the mesocosms was significantly influenced by density (v 2 2 ¼ 9.07, P ¼ 0.01) and food by density interaction (v 2 1 ¼ 5.62, P ¼ 0.02) effects (Figure 5a) . Cannibalism in the low spider-low-food treatment (intermediately disturbed river) was significantly lower than that in both the high spider-high food (stable river) and 
Figure 3
Per capita aquatic and terrestrial prey availability to Dolomedes aquaticus at a patch scale (4 m 2 ) (a) and the abundance (dry weight per meter square) of common aquatic taxa across the disturbance gradient (b). Per capita prey availability is calculated as the average availability of aquatic and terrestrial prey from suitable D. aquaticus habitat patches (i.e., containing at least 1 spider) (from data in Greenwood and McIntosh 2008) divided by the average density of D. aquaticus per suitable habitat patch (from the Morisita index data).
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• Cross-ecosystem disturbance drives cannibalism propensity 1231 the high spider-low-food treatments (disturbed river). Cannibalism in the low spider-high-food treatment, a condition that was not found in the field survey, was not significantly different from that in any other treatments. The proportion of surviving spiders that increased in weight was significantly affected by food availability (v 2 2 ¼ 14.78, P 0.001) but not by a food by density interaction (v 2 1 ¼ 2.86, P ¼ 0.09) ( Figure  5b ). In the high spider-low-food treatment (disturbed river), significantly fewer of the spiders remaining increased in weight than in the high spider-high-food treatment (stable river). The low spider-low-food (intermediately disturbed river) and low spider-high-food treatments were not significantly different from either of the other 2 treatments. The mean (6 standard error [SE]) proportion of Dolomedes aquaticus cannibalized (a) and the mean (6 SE) proportion of surviving spiders gaining weight (b) in a mesocosm experiment in which food level (high-and low-food levels, HF and LF, respectively) spider density (high and low spider density, HS and LS, respectively) were manipulated. Food availability per spider in each treatment was HSHF: 0.01 g/day, LSLF: 0.01 g/day, HSLF: 0.004 g/day, LSHF: 0.02 g/day. Letters denote significant differences indicated by Bonferroni post hoc tests. Rocks and gravel were arranged in the mesocosms to mimic high-quality spider habitat patches and each mesocosm contained a rectangular artificial stream in the center (c). The white bar indicates spider density by food level combination that did not occur across the flood disturbance gradient measured in the field.
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DISCUSSION
It is important to understand how an environmental gradient in one ecosystem affects the rates and strengths of biotic interactions in an adjacent system. In our study, the effects of flood magnitude/frequency extended into the terrestrial ecosystem and indirectly determined the relative propensity for cannibalism within populations of a riparian consumer living within the floodplain. The flood disturbance gradient created counter gradients of riparian habitat and aquatic prey resources (Figures 1 and 3a) , which led to spatial aggregations and increased cannibalism propensity in fishing spider populations. Across the flood disturbance gradient, the total and per D. aquaticus capita biomass of winged aquatic prey declines markedly with increasing flood disturbance; however, the availability of suitable habitat for D. aquaticus is higher at flood-prone rivers (Figure 1 ; Greenwood and McIntosh 2008) . At the rivers where this mismatch in resources was greatest, spider populations were spatially clumped (4 m 2 scale). High-density clumps of spiders occurred at infrequently flooded rivers, which had high levels of heterospecific (aquatic insect) prey available, but were limited by habitat area (Greenwood and McIntosh 2008) . Dolomedes aquaticus populations were also clumped at flood-prone rivers where there were large areas of habitat but lower aquatic insect abundance than in more stable rivers. Clumping was brought about by spiders aggregating around stable vegetated islands close to the water edge, which may provide refugia during floods and retain a higher abundance of potential prey. Dolomedes aquaticus populations at intermediately disturbed rivers were randomly distributed leading to lower small-scale densities.
A number of lines of evidence from our study indicate that the interactive effects of allochthonous prey and habitat availability described above affect spider cannibalism propensity. First, cannibalism rates are usually density dependent (Buddle et al. 2003; Eitam et al. 2005) , and the trophic position of D. aquaticus across the flood disturbance gradient matched the pattern of spider aggregation. Second, spiders at more stable and disturbed ends of the gradient had d 15 N values (relative to a common baseline species) nearly one entire trophic level higher than those at the more intermediately disturbed sites.
The length of the food chain below a focal predator can substantially affect its trophic position Post 2002b) ; however, in general, the aquatic insect communities found at more flood-prone rivers were a nested subset of those found at more stable rivers. In addition, the trophic position of 2 intermediate aquatic and terrestrial predatory invertebrates (Hydrobiosidae and Linyphiidae) did not explain the variations in D. aquaticus trophic position. Similarly, the additional large predatory insect found in stable rivers (Archichauliodes diversus) had a d 15 N signature similar to those of predatory caddisflies (Hydrobiosidae) and was intermediate between them and D. aquaticus only at the most stable river. Thus, its presence in the food web did not generally lead to the increase in observed trophic position of D. aquaticus at stable sites.
Likewise, differences in food chain length across the flood gradient are unlikely to explain the u-shaped trophic pattern exhibited by D. aquaticus. Theory suggests that intraguild predation should act to make the longest food chains occur at intermediate levels of productivity. In highly productive areas, top predators can reach high densities and eliminate or nearly eliminate intermediate predators, thereby shortening realized food chain length . Furthermore, longer food chains at intermediate flood disturbance levels have been found by Power et al. (1996) and Wootton et al. (1996) . However, both of these patterns would lead to trophic positions of predators across the disturbance gradient opposite to those we observed. Nevertheless, although Townsend et al. (1998) found no relationship between mean food chain length (between algae, invertebrates, and fish) and disturbance in a New Zealand stream food web, McHugh et al. (2010) found a negative effect of flood disturbance on maximum trophic position (mostly of fishes) in some of the same streams as our study. The longer food chains in more stable streams observed by McHugh et al. (2010) were caused by fish feeding on more abundant predatory invertebrates in the most stable streams. However, prey switching to increased consumption of intermediate aquatic predators is unlikely to have caused the observed difference in D. aquaticus trophic position across the disturbance gradient in our study. We studied a smaller disturbance gradient than McHugh et al., focusing on the disturbed portion, and unlike McHugh et al. (2010), we found that the biomass of common aquatic predators (e.g., Hydrobiosidae caddisflies and the Megalopteran Archichauliodes) did not vary among those streams. In addition, it is unlikely that changes in river flood regime would alter their availability as prey to D. aquaticus. Thus, variation in intraguild predation and cannibalism rates, not variation in food chain length, are the most likely explanation of the differences seen in the trophic position of D. aquaticus in rivers varying in flood disturbance. The effects of cannibalism on trophic position of the spiders cannot be separated from the more general case of intraguild predation based on the stable isotope results alone. This means that other predatory terrestrial taxa, which were most abundant at the stable rivers, could have formed an increased component of D. aquaticus diet at these sites.
Density-dependent cannibalism is common but often linked to other factors, especially the availability of alternative prey (Leonardsson 1991; Wagner and Wise 1996; Michaud 2003) . The mesocosm experiment further elucidated the role of cannibalism in these spider populations. Cannibalism rates in the mesocosms were density dependant and highest in conditions simulating both stable (high-food level-high spider density) and very disturbed rivers (low food-high density), whereas no cannibalism was found in conditions matching those of intermediately disturbed rivers (low food-low density). Although the mesocosms were simpler biologically than the natural rivers, this lends support to the results of the stable nitrogen analyses, indicating that D. aquaticus occupies a higher trophic position at either end of the disturbance gradient caused by changes cannibalism.
At the more stable rivers, where food availability was high, the limitation in usable habitat for spiders led to high localscale densities, which would have increased encounter rates between individuals (e.g., Moksnes 2004) . High densities at disturbed rivers also likely caused the higher cannibalism rates, although the mechanism causing spider aggregations is less obvious. High-density spider aggregations may have been brought about by spatial or temporal limitations in the availability of other prey organisms, leading to cannibalism allowing survival as a ''lifeboat'' mechanism (e.g., Leonardsson 1991) or by hastening development rates of organisms in a disturbance prone time-limited environment (Wissinger et al. 2004 ). Rates of cannibalism cannot be extrapolated directly from our mesocosm experiment to field conditions, particularly due to the short time frame of the experiment and because migration was prevented. In addition, if cannibalism is not lethal but only alters behavior, it can still alter the strength of trophic cascades (Rudolf 2007a) ; thus, behaviorally mediated effects of cannibalism may combine with the abundance-related effects we measured in the mesocosm experiment to potentially increase the impact of cannibalism in the natural environment. In addition, immigration and emigration rates can act to increase or negate rates of density-dependent cannibalism, and recruitment into patches must occur in the field to maintain the high densities of spiders found at stable and very disturbed rivers if cannibalism occurs frequently. Migration rates between patches must be relatively similar across the environmental gradient for cannibalism rates to be able to be predicted by the densities observed at each site. In addition, cannibalism itself can influence the spatial distribution of populations, altering dispersal rates (Rudolf et al. 2010 ) and causing size classes to become segregated spatially (Biro et al. 2003; Keren-Rotem et al. 2006; Rudolf 2006) . However, the extent of cannibalism assessed across the mesocosm treatments, stable isotope results, and field patterns in the spatial distribution of D. aquaticus strongly suggests that the relative propensity for cannibalism is markedly higher in more stable and disturbed river populations than those that occur at rivers more intermediate on this disturbance gradient.
The mesocosm experiment also revealed a role of food availability in affecting the consequences of cannibalism. Cannibalism propensity in the mesocosms was driven by the differences in spider density. However, rates of cannibalism were higher in the low-density treatments when more heterospecific prey were available. Although this situation (high food and low spider density) did not occur in the field, it does imply that the presence of higher prey levels may have stimulated the spiders into more active searching and perhaps increased conspecific encounter rates. Effects of food availability were also observed in the proportion of surviving spiders that increased in weight over the course of the experiment. More spiders increased in weight in the high-food treatments than when food availability was lower. Therefore, although cannibalism propensity was similar under very stable and very disturbed conditions, D. aquaticus individuals at stable rivers had higher per capita aquatic prey availability than those at more disturbed rivers. Thus, longer term effects of food availability may affect these populations differently by changing the size distribution of the populations, female fecundity (Kreiter and Wise 2001) , or between-patch migration rates, all of which could impact cannibalism rates. If cannibalism was highly size structured, then it might be expected that populations at stable and flood-prone rivers would have larger spiders on average and a tighter size distribution. Spider populations at intermediately disturbed rivers are more variable in their size structure than those from stable rivers or flood-prone ones (Greenwood 2008) . However, large female spiders are the most abundant at disturbed rivers and least abundant at stable rivers (Greenwood 2008) . Thus, size-structured cannibalism may be occurring at disturbed rivers, but it is not likely at intermediate or stable rivers. In addition, depending on hunger, D. aquaticus individuals will cannibalize spiders of the same size (Greenwood 2008) , and the paucity of heterospecific prey at flood-prone rivers may reduce the strength of size structuring cannibalistic interactions at these rivers.
Our findings have important implications for understanding and ultimately predicting how abiotic variation in one ecosystem can alter strong biotic interactions in an adjacent ecosystem. For example, alterations to river flooding are likely to have large flow-on effects into the terrestrial ecosystem by changing the physical nature of the ecosystem boundary as well as the magnitude of any spatial subsidies of resources from the aquatic environment. In our study, counter gradients in habitat and allocthonous prey availability were created by disturbance in an adjacent ecosystem. These changes altered the relative propensity for cannibalistic interactions, a strong biotic interaction that is capable of structuring populations, communities, and even ecosystems by altering trophic interactions (Persson et al. 2003; Andersson et al. 2007; Rudolf 2007a ) and stabilizing or destabilizing populations (Claessen et al. 2004; Andersson et al. 2007 ). The occurrence of cannibalism changes the length of food chains; can alter the likelihood of trophic cascades occurring (Persson et al. 2003) ; and may have evolutionary consequences for life-history traits, dispersal rates, and the spatial structure of populations (Rudolf et al. 2010) . Thus, any alterations to abiotic gradients may have far reaching biotic effects that can cross-ecosystem boundaries. 
